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underlying mechanisms, particularly at low doses, low dose rates, and small
fractions.

Neutrons and Mammary Cancer

The results of the reevaluation of the atomic-bomb and radiation doses
received by individuals in Hiroshima and Nagasaki (Ro87) have precluded
the likelihood that the LSS data will yield useful information on the relative
carcinogenic effect of neutrons (Sh87, Sh88). Experimental studies have,
however, shown that per unit dose, neutrons have a significantly higher
mammary neoplasm-inducing potential than low-LET radiations, and that
this greater relative neoplastic potential is increased at small doses (Sh86a).
An RBE of 20-60 was calculated for fission-spectrum neutrons from life-
time mammary neoplasm incidences in Sprague-Dawley rats irradiated with
0.05-2.5 Gy (Vo72). In this study, 0.05 Gy of fission-spectrum neutrons
(average energy about 1 million electron volts [MeV]) was as effective in
terms of the final yield of mammary tumors as were higher doses; that is,
the tumor yield appeared to reach a plateau at 0.05 Gy. In contrast, in an
experiment with the same rat line exposed to 14-MeV neutrons, mammary
tumor incidence and the number of tumors per rat at 11 months after
exposure was a near linear function of dose over the range 0.025-0.4 Gy
(Mo77). The 14-MeV neutrons were about half as effective as reported for
0.43-MeV neutrons (Mo77). The RBE for mammary tumor induction by
neutrons with different energies rank as follows: 2.0 MeV (fission spectrum)
> 14 MeV > 0.025 MeV (thermal) (Ka85). Compared with x rays, the
RBE of fission neutrons was ~18.

In two of the most complete experimental life-span studies involving
Sprague-Dawley and ACI rats, the latter with and without estrogen (di-
ethylstilbestrol) supplementation (Sh80, Sh82), the analyses involved effects
on both latency and incidence. In the estrogen-supplemented ACI rats, a
significant increase in early tumor incidence was seen after they received
0.01 Gy of 0.43-MeV neutrons (Sh82). At low doses, the RBE increased
in inverse proportion to the square root of the neutron dose and exceeded
100 at 0.01 Gy.

Unfortunately, the proper interpretation of many of the rat experi-
ments is difficult because benign fibroadenomas were combined with car-
cinomas. These neoplasms differ fundamentally (Br85). For example, ir-
radiated and unirradiated, but otherwise untreated ACI rats develop both
mammary fibroadenomas and carcinomas. When either irradiated or unir-
radiated rats are given estrogen, the mammary tumors are virtually all
adenocarcinomas (Sh82).

The effect of total dose and dose rate of fission-spectrum neutrons on
mammary cancer incidence has been investigated in BALB/c mice (U184).